
PATENT SPECIFICATION 

DRAWINGS ATTACHED 

Inventors: — AMSELM THOMAS KUHN and 
STUART FREDERICK MEUJSH. 



1,155,927 



Date of filing Complete Specification: 22 Jan., 1968. 
Application Date: 20 Feb^ 1967. No 8002/67 

Complete Specification Published: 25 June, 1969. 
© Crown Copyright 1969. 

Index at Acceptance: — C7 B1A 
Int. CI.: — C 22 d 1/06 

COMPLETE SPECIFICATION 
Electrolytic manufacture of alkali metals. 



Zum VertoWb 

Bltto ntaht zurOokseoden 

*™ 1 Q JULI 1997 

Ertedigt 

Patentschrtftensarnmlung 



We. Imperial Chemical Industries 
Limited of Imperial Chemical House, Mill- 
bonk, London S.W.I, a British Company, 
do hereby declare the invention, for which 
5 we pray that a patent may be granted to 
us. and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 
The present invention relates to the manu- 
10 facture of alkali metals. More particularly 



^ucous solution as electrolyte and sodium 
* liberated at a cathode. Various electro- 
lytes have been proposed. e.R. fused caustic 
soda or lower-melting mixtures of the 
hydroxide and halides of sodium, particu- 
larly sodium iodide, which yield freelnctal- 
Uc sodium directly, and solutions of sodium 
cyanide m liquid ammonia which yield the 
sodium in the form of a solution in liquid 
ammonia as a separate layer in the electro- 55 



50 



tne extraction of aikali metals from alkali of cvanide. from wWH 



ch cyanide, from which sodium can be ob- 
ia:aed by evaporation of the ammonia. 
Such processes are described in British 
Patent Specifications No. 218.373. No 60 
491.879. No. 491.880 and No. 505.212 All 
these processes arc difficult to operate and 
suffer from the disadvantages of leaving the 
product contaminated with mercury and/or 
electrolyte or in requiring the use of toxic 65 



the extraction of alkali metals from alkali 

metal amalgams and to apparatus therefor. 
The established manufacture of the aikali 
15 mrtals is best illustrated by the manufacture 

cf sodium. The most widely used industrial 

process for the manufacture of metallic 

sodium involves the electrolysis of a molten 

electrolyte containing sodium chloride. This 
-0 process has the disadvantages of a high «^„vnyic or in requiring the use of toxic 

SSS SdfT PC r ratUW - *P™*™f JOO-C chemicals, refrigeration ofefeUEd £c£ e 
*bich leads to frequent damage of the cell working. y 
cempenents. and also a high energy con- The present invention provides a method 
sumption, owing to a current efficiency of of extracting an alkali metal In a™Xy 

2-- sodium production appreciably lower than — — — " a nigniy 

100% and a high overall cell voltage, which 
is mainly due to the resistance of the elec- 
trolyte in the wide gap that has to be main- 
tained between the electrodes. In the mcr- 

>Q cury ceH process for the electrolysis of 
aqueous solutions of sodium chloride, the 
sodium amalgam produced at the cathode 
is obtained at much higher current efficiency 
and with a much lower overall cell voltage". 

35 The attraction of extracting sodium from 
this amalgam if it could be done with a 
small expenditure of energy has long been 
realised and several methods have been 
proposed for isolating metallic sodium from 

*0 this source. Thus at various times it h-s 
beep proposed ;o recover the sodium from 
sodium amalgam by distilling out the large 
proportion of mercuiy or by an electrolytic 
n*e:hod in which the amalgam is made the 

<5 anode of a cell with a fused salt or a non- 
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~ «—.«•■ i»« .4 illicitly 

pure state from an alkali metal amalgam 70 
by an electrochemical process which in- 
volves a minimum expenditure of energy 
The invention is considered to be of the 
greatest industrial importance when applied 
to the extraction of sodium and potassium 75 
from their respective amalgams. 

According to the present invention we 
provide a method of extracting an alkali 
metal from an alkali metal amalgam which 
comprises passing an electrolysing current 80 
through a concentration cell wherein the 
alkali metal amalgam is made anodic, the 
cathode is the same alkali metal in the 
liquid state and the electrolyte is a poly- 
crystalline ceramic material which is per- 85 
meable onlv to monovalent cations. 

In a preferred embodiment of the inven- 
tion in accordance with the preceding para- 
graph a stream of alkali metal amalgam is 
supplied continuously to an anode com- 90 
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partmcnt in contact with the solid electro- 
lyte, a Stream of the alkali metal amalgam 
of lower alkali metal content is continuously 
removed from the anode compartment and 
5 a stream of the liquid alkali metal is con- 
tinuously removed from a cathode com- 
partmcnt in contact with the solid 
electrolyte. 

Suitable polycrystalline ceramic materials 

10 for use as the solid electrolyte are in organic 
materials having a crystal lattice structure 
which contains a large number of defects 
and containing sodium ions or other mono- 
valent cations capable of replacement by 

15 alkali metal ions. The number of defects 
must not, however, he so large as to render 
the material an electronic conductor. One 
very suitable material, particularly when the 
alkali metal to be extracted from its amal- 

20 gam is sodium, is that known as beta- 
_ alumina.. This has . the - approximate com- 
pos: on NajO. llAl^O* and the sodium 
ions in the crystal lattice can exchange with 
alkali metal ions introduced from outside. 

25 Other suitable materials are certain alumi- 
nates. alumino-silicates and titanates. 

The invention also includes within its 
scope an electrolytic cell for the extraction 
of an alkali metal from an alkali metal 

30 amalgam which comprises at least one 
anode chamber and at least one cathode 
chamber, each anode chamber being in 
juxtaposition with at least one cathode 
chamber and feeing separated therefrom 

35 over at least part of the common boundary 
therewith only by a solid electrolyte in the 
form of a wall of polycrystalline ceramic 
material which is permeable only to mono- 
valent cations, each anode chamber being 

40 substantially filled with liquid alkali metal 
amalgam and having an inlet and an outlet 
therefor, each cathode chamber being sub- 
stantially tilled with the same alkali metal 
and having an outlet for liquid alkali metal, 

45 electrical connection means for connecting 
the alkali metal amalgam in each anode 
chamber to the positive pole of a direct 
current source and electrical connection 
means for connecting the alkali metal in 

50 each cathode chamber to the negative pole 
of this direct current source. 

Three embodiments of cells according to 
the invention arc shown in the schematic 
drawings accompanying the Provisional 

55 Specification, which arc not to scale. In its 
most preferred form the invention is applied 
;o the extraction of sodium from a sodium 
amalgam. For the sake of brevity the draw- 
ings will therefore be discussed with refer- 

60 ence to the extraction of sodium. It should 
however be understood that the invention 
is not limited thereto but that the references 
to sodium and sodium amalgams are re- 
placeable in the text by reference to another 

65 alkali metal and its respective amalgams. 
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Fig. I represents in elevation a section 
through a cell containing one anode cham- 
ber and one cathode chamber. 

Fig. 2 indicates a general arrangement 
in which anode and cathode chambers alter- 70 
nate side by side in a multi-chamber cell. 

Fig. 3 represents in elevation a section 
through a form of cell in which two cathode 
chambers are enclosed within a common 
anode chamber, and Fig. 4 is a plan view 76 
taken along the line A-A of Fig. 3. 

In Fig. 1 an anode chamber 1 is bounded 
by a casing 2, suitably of mild steel, in the 
form of a box having one open side which 
is closed by a sheet of polycrvstaUine cera- 80 
mic material which is permeable only to 
monovalent cations, e.g. beta-alumina 3. 
suitably about 0-5 cm. thick. 4 is a cathode 
chamber which is bounded by a casing 5 
similar to the casing 2 and which also has 85 
its one open side dosed by sheet 3. 2, 3 
and 5 are held together in liquid-tight man- 
ner by means of damps (not shown), with 
sealing means 6 interposed between sheet 3 
and the edges of boxes 2 and 5. Anode 90 
chamber 1 is filled with sodium amalgam 
and cathode chamber 4 is filled with 
sodium. Pipe 7 serves for introducing a 
sodium amalgam stream into anode cham- 
ber 1 and pipe 8 serves for removing sodium 95 
amalgam therefrom Pipe 9 serves to remove 
liquid sodium product from cathode cham- 
ber 4 and will generally be connected to 
another vessel (not shown) for collection of 
sodium. 10 and II are electrical conductors 100 
fixed to anode box 2 and cathode box 5 
respectively for applying an external electri- 
cal potential between the sodium amalgam 
in chamber 1 and the sodium in chamber 

In the cell arrangement of Fig. 2. the 
end chambers 1 and 4 are an anode and a 
cathode chamber respectively corresponding 
to the same numbered parts in Fig. I. Be- 
tween these two chambers arc a cathode 110 
chamber 12 and an anode chamber 13 so 
that in the whole arrangement anode and 
cathode chambers alternate with each other. 
Each chamber is separated from the next 
chamber by a sheet of polycrystalline cera- 115 
mic material which is permeable only to 
monovalent cations, e.g. beta-alumina 3. 
and chambers 12 and 13 arc enclosed on 
their other four side* by mild steel box 
structures 14 and 15 respectively. The whole 120 
arrangement of chambers is held together 
in liquid-tight manner by means of clamps 
(not shown), with sealing means 6 inter- 
posed between the edges of each mild steel 
unit and the juxtaposed sheets 3. Anode 125 
chambers I and 13 arc rilled with sodium 
amalgam and cathode chambers 4 and 12 are 
filled with sodium. Chambers 1 and 13 are 
each provided with an inlet and an outlet for 
a stream of sodium amalgam, and chambers 130 
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4 and 12 arc each provided with an outlet coaxial anode compartment, i.e. an anode 

for liquid sodium. These inlets and outlets compartment having cylindrical retaining 

have been omitted from the drawing for the walls. It will also be readily understood that 

sake of clarity. 16 and 17 are electrical con- with these cell arrangements in which one 

S nection means passing in liquid- tight man- or more cathode compartments have been 70 

ner through the steel casings of chambers shown as immersed in an anode compart- 

I and 13 and joined together as shown for ment the function of the ttvo varieties of 

making electrical connection between the electrode compartment can be reversed if 

sodium amalgam in these two chambers in desired, Le. each inner compartment can be 

1C parallel and the positive pole cf a direct filled with sodium amalgam and provided 75 

current source. 18 and 19 arc similarly- with feed and discharge pipes therefor, and 

arranged connecting means for making else- the outer compartment can be filled with 

trical connection between the negative pole liquid sodium and provided with an outlet 

of the same direct current source and the therefor, so that by reversing the connections 

15 sodium in chambers 4 and 12. It should be to the electrolysing current source a cathode 80 
understood that, although only one pair of compartmear surrounds each anode corn- 
ea th ode and anode chambers 12 and 13 is paxtment and the sodium metal produced 
shown in the drawing, any number of such travels outwards instead of inwards during 
pairs with their ancillary connections may operation of the cell. 

20 be placed between the end chambers I and In carrying out the mcJiod of the inven- 85 

4 to provide an alternating sequence of tion for the extraction of sodium the sodium 

anode and cathode chambers. in- the cathode "compartments "of the cell 

In the cell arrangement of Fig. 3 and must be maintained in the liquid state. 

Fig. 4 there is a single anode chamber 20 Furthermore, in order to reduce the ohmic 

25 bounded by a mild steel container 21. 22 is resistance of the cell it is preferred to work 90 
an inlet for a stream of sodium amalgam, at as high a temperature as convenient, 
and 23 is an overflow outlet for spent amal- Since it is undesirable to approach the boil- 
gam so that chamber 20 is substantially ing point of mercury (359*0 a maximum 
filled with amalgam as shown. Two cathode operating temperature of about 300 °C is 

35 chambers 24 are each formed from cylindri- most convenient. 95 
cal side walls 25 of polycrystallinc ceramic A stream of sodium amalgam is fed to 

material which is ipermeable only to mono- the anode compartments ot the cell, usually 

v^ient cations, e.g. beta-alumina, a circular trom a mercury-cathode cell electrolysing 

base 26 and a circular cover 27, which are sodium chloride brine, and containing for 

35 held together in liquid-tight manner with example 0-2-G.4% by weight of sodium, and 100 

clamps (not shown). The covers 27 are made spent amalgam of lower sodium content, for 

of electrically insulating material. The bases instance 0-05% by weight, is continuously 

26 may be of insulating material or. if de- withdrawn from the anode compartments, 

sired, they may be made of beta-alumina When the sodium cell b fed with amalgam 

40 like the side walls 25. Each cathode cham- fro» » mercury-cathode cell an interrupter 105 

ber is inserted into the anode chamber rnay be inserted to break the continuity of 

through a circular hole in the cover of the the *rcalgam stream so as to isolate the 

container 21 and is held in position by bolts two . cells electrically from each other if 

28 through the outer edges of its cover 27. desired. Since mercury-cathode cells operate 

45 Cathode chambers 24 arc filled with sodium al comparatively low temperature, the amal- no 

and are connected by pipes 29 to pipe 30. S*™ s'ream is preferably heated before it 

which is an outlet for liquid sodium. 31 and enter* the sodium cell. U the spent amalgam 
32 are electrical connection means passine returned direct to the mercury-cathode 

in liquid-tight manner through covers 27 for aH : the tmo amalgam streams may con- 

50 making electrical connection between the veniently be passed through a heat ex- H5 

sodium in cathode compartments 24 and changer so as to beat the amalgam stream 

the negative pole of a direct current source entering the sodium cell while cooling the 

as indicated at 33. 34 is a current lead return stream to the mercury-cathode cell 

attached fo the underside of container 21 ahd thereby conserving heat. With this 

55 for making electrical connection between arrangement, and depending on design of 120 
the sodium amalgam in anode compartment *>d»um cell, the additional heating effect 

20 and the positive pole of the direct cur- °» electrolysing current may be suffi- 

rent source through "the conducting casing ? iCci 10 i^xiniain the desired temperature 

21. Although only two cathode compart- ,n sodiom cell. If additional heating of 

00 mcnts 24 arc shown in Fig. 3 and Fig. 4. the sodium cell is required, this can be sup- 125 

any number of such cathode compartments plied from an external source, tor instance 

may be placed within one anode compart- by means of a beating >cket. 
ment. Alternatively a very compact unit cell In a sodium cell according to the inven- 

mav be made by placing a single cylindrical tion the current is carried by sodium ions 

65 cathode compartment of this type "within a which are driven through the solid electro- 130 
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i ff*** ctectrolysing potential applied 
between the mode and cathode chambers. 
Sod« b therefore transferred to the cath- 
ode chambers in a pare state, since the solid 

e 5 t ^5!L behavcs a to mercury 

and mercury ions. Since the ohinic resist- 
ance of the ceil is quite low it is necessary 
^ *PP*y only a low voltage to overcome 
the reversible voltage of the sodium con* 

10 centraiioo cell and the small ohmic resist- 
ance. Thus for a current density of 5 kA/ur 
of solid electrolyte area between the anode 
and cathode chambers the overall cell volt- 
age is only about 1.M.2 volts. 

15 Tt^mvenxion * further illustrated by the 
following ex ample of the extraction of 
sodium from a sodium amalgam. 

Example 

A laboratory-scale electrolysis cell was 
20 set up which was equivalent to one unit cell 
of rTg. 4, The cathode chamber was in the 
form of a crucible of beta-alumina so that 

i _~ and basc ** TC of beu- 

alumisa. The anode chamber was consti- 
25 luted by a glass vessel with an open top 
neck. A long glass tube was connected :o 
the »ecfc of the anode chamber and a cera- 
mic tube was sealed to the run of the beta- 
alumiaa crucible so that the surface of the 
30 sodium and the sodium amalgam placed in 
the cathode and ancde chambers respec- 
tively could be blanketed by a flow of inert 
gas passed dewn the aforesaid glass and 
ceramic tubes through gas-feed tubes in- 
35 scrted therein. 10 g. of sodium were placed 
in the cathode chamber and this was in- 
serted down the glass tube into the anode 
chamber and was immersed in 2 kg. of 
sodium amalgam placed therein and con- 
40 taming 036% by weight of sodium. Nega- 
tive and positive conductors passing down 
the ceramic and glass tubes were intro- 
duced into the sodium cathode and the 
scdium amalgam anode respectively and the 
« cell w^s heated in an oven to 255±5*C 
Current /rem a D.C source was passed 
through the cell by way of the aforesaid 
conductors and was measured at intervals. 
Sodium was thereby transferred through the 
IV solid beta-alumina electrolyte fron: the 
amalgam anode to augment the liquid 
sodi um ca thode and in a run of 165 minutes 
the current efficiency calculated from thr 
weigh: of sodium transferred to the cathode 
55 chamber and the measured coulombic sum 

a ^ r ** SCd 94 " 5% - Al lhc cnd <* thc run lhc 
sodium in the cathode compartment con- 
tamed not more than 1 p.p.m. mercury. 

WHAT WE CLAIM IS: — 

1. A method of extracting an alkali 
mclaJ from an alkali metal amalgam, which 
comprises passing an electrolysing current 
through a concentration cell wherein the 
alkali metal amalgam is made anodic, the 



cathode is the same alkali metal in the fit 
liquid state and the electrolyte £ a poly! 
crys^e ceramic material which is rinn- 
cable on!) to monovalent cations. 
iA,,^ according to Claim I. 
b^al^ui^^ ° BBB * 70 

A method according to either of the ^ n>/> /j2r 
ZE^J^; whc ."« * stream of/ ISPJr 
SrT^ * SUpplicd continu- / 2 

ff^W*^ chambcr ^ contact with \f * 
^J^f^"? ceramic material, a / 
stream of the alkali metal amalgam of / 

r^L^f 1 CODlcm is ~SousIy 1 

IS?L * 9* ^ ah mctaI in «* Hquid to 
sta.e * conunuously removed from a cath- l 
cde chamber in contact with the poly. J 
crystalline ceramic material. 
_ 4 - .ft rathod according to any of the 
fwpcsdrng claims, wherein the alkali metal 85 
is sodium. 

5. A method according to Claim T) 



wberem the said stream of alkali metal / r> ^ . ^ 



am a l g am supplied conunuously to an anode i r>/r > 
chamber in contact with the polycrystalline 0 
ceramac material is an exit stream of sodium \ ' 
amalgam obtained from a cell electrolysing \ 
sodium chloride brine with a flowing mer- J 
rury cathode. 6 

6. A method according to Claim 3 95 
wnerem the said stream of the alkali metal 
amalgam of lower alkali metal content con- 
tinuously removed from the said anode 
chamber is a stream of sodium amalgam 
and b employed as a feed to the flowing 100 
cati>cde of a mercury-cathode cell electro- 
lysing sodium chloride brine. 

7. An electrolytic cell for the extraction 
of an aikah metal from an alkali metal 
amalgam by a method as claimed in Claim ms 
i. winch comprises at least one anode cham- 
berand at least one cathode chamber, each 
ancde chamber being in juxtaposition with 
at least one cathode chamber and being 
separated therefrom over at least part of no 
the common boundary therewith only by a 
solid electrolyte in the form of a wall of 
Polycrystalline ceramic material which is 
permeable only to monovalent cations, each 
a " < ?^- Camber being substantially filled 115 
with bquid alkali racial amalgam and hav- 
ing an inlet and an outlet tliercfor. each 
cathode chamber being substantially filled 
with the same alkali metal and having an 
outlet for liquid alkali metal, electrical 120 
connection means for connecting the alkali 
metal amalgam in each anode chamber to 
the positive pole of a direct current source 
and electrical connection means for con- 
nccSn £ lhc alkali meul in each cathode 125 
chamber to the negative pole of this direct 
current source. 

8- An electrolytic cell according to 
CJann 7 wherein the wall of polycrystalline 
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ceramic material consists of beta-alumina. 

9. An electrolytic cell according co 
cither of Claims 7 and 8, wherein each 
anode chamber is substantially filled with 

5 liquid sodium amalgam and each cathode 
chamber is substantially filled with sodium. 

10. An electrolytic ceil according to any 
of Claims 7-9, w herei n an anode chamber 
and a cathode chamber axe juxtaposed side 

10 by side and a flat sheet of the said poly- 
crystallise ceramic material forms a com- 
mon dividing wall therebetween. 

11. An electrolytic cell according to any 
of Claims 7-9. wherein at least one cathode 

15 chamber is immersed a an anode chamber. 

12. An electrolytic cell according to any 
of Qahns 7-9. wherein at least one anode 
chamber is immersed m a cathode chamber. 

13. An electrolytic cell for the extraction 
20 of an alkali metal from an alkali metal 



amalgam substantially as hereinbefore de- 
scribed with reference to the drawings 
accompanying the Provisional Specification. 

14. A method of extracting as alkali 
metal from an alkali metal amalgam as 25 
claimed in Claim 1 and substantially as 
hereinbefore described. 

15. An alkali metal whenever produced 
by a method as chimed in any of Cairns 
1-6. 30 



BERTRAM F. DREW. 
Agent for the Applicants. 
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